INTRODUCTION
Proteolytic activity in extracts of lymphatic tissue has been described in the older literature,11 gelatin, casein, and serum albumin having been used as substrates. More recently bovine tonsils were reported to contain a protease that cleaves serum albumin. 7 Rothschild and Junqueirae found proteolytic activity in lymph node homogenates, using globin as substrate.
In the present investigation, an attempt was made to characterize the proteolytic activity of rat lymph nodes by using both synthetic and protein substrates, and to relate the proteolytic activity of this tissue to that previously described for enzymes derived from bovine spleen."'8
MATERIALS AND METHODS
Mesenteric and cervical lymph nodes from Sprague-Dawley rats of both sexes were used in all experiments. The animals were sacrificed by cervical severance and the lymph nodes were quickly excised, cleaned of all surrounding fat, and homogenized for 20 seconds in an all-glass Potter-Elvehjem homogenizer with 3 volumes of 0.25 Msucrose-0.001 M Versene. All operations were carried out in the cold (0°-5°C.). The Spinco model L preparative ultracentrifuge (R 30 and R 40 rotors) was employed in the preparation of subcellular fractions, and the following procedure was used. The homogenate was centrifuged for 5 minutes at 2,100xg; the sediment was then resuspended and rehomogenized for 20 seconds with sucrose-Versene, and centrifuged at 600xg for 10 minutes. For the preparation of nuclei this sediment was resuspended, washed, and rehomogenized twice. The supernatant fluid from the 600xg and the 2,100xg centrifugations was combined and spun at 20,000xg for 18 minutes. The fluffy layer that formed on top of the tightly packed sediment was included in the supernatant fluid (designated Sup I). Several preparations of Sup I were lyophilized and used as the source of enzyme. The sediment was resuspended by gentle homogenization and respun at 20,000xg for 13 minutes. The resulting sediment (designated the mitochondrial fraction, Mit) was then resuspended in a small volume of sucrose. The microsomal fraction (Mic) was prepared by centrifuging Sup I for 30 minutes at 105,000xg and the resulting supernatant fluid was called Sup II. In some experiments the mitochondrial fraction was further fractionated; the heavier material (H. Mit) was sedimented from the post-nuclear supernatant fluid by two centrifugations at 6,600xg for 5 minutes each, while the lighter material (L. Mit) was sedimented at 20,000xg for 13 minutes, followed by 3 washings. When no separation of the microsomal and mitochondrial fractions was attempted, the material sedimenting at 105,000xg (after the removal of nuclei) was prepared and designated "particles." The protein content of each fraction was determined by the biuret method.'0
The synthetic substrates used were benzoyl-L-argininamide HCI-H20 (BAA) and glycyl-L-tyrosinamide acetate (GTAA). Unless otherwise stated, the incubation U.]Alb respectively. One cathepsin unit is defined as that amount of enzyme, which in the 0.65 ml. of test solution (diluted to 5 ml. after TCA precipitation), in 120 minutes of incubation and under the conditions specified above, causes an increase in optical density of 0.100 (after appropriate correction for the blanks). 
RESULTS
As shown in Table 1 , BAA is split by the particles prepared from rat lymph node homogenates; within the range 0.5-2.0 mg. protein, the enzymic activity is proportional to the protein concentration and the time of incubation.
The subcellular distribution of the enzymic activity toward BAA and GTAA was investigated using a differential centrifugation scheme similar to that of de Duve et al.' It can be seen in Table 2 that the highest specific activity (per cent cleavage of substrate per mg. of protein per hour) was found in the mitochondrial fraction, especially the light mitochondrial fraction. A lower activity was found in the supernatant fluid. When Triton is omitted from the incubation mixture, there is less ammonia formation from BAA by the mitochondrial fraction (Table 3) , thus indicating that the enzyme responsible for this reaction is partly in a bound form, from which it can be released by this surface active agent, as was also shown for liver cathepsin by Gianetto and de Duve.' This finding would explain why BAA is not hydrolyzed appreciably by saline extracts of calf thymus. ' That the enzyme present in the lymph node mitochondrial fraction is similar to cathepsin B of beef spleen is supported by evidence presented in Tables 3 and 4 . The lymph node enzyme is activated by cysteine and the In the experiments with protein substrates, hemoglobin and serum albumin were used and their cleavage by the lymph node enzymes was ex- (Table 6 ). Cleavage of an endogenous substrate was observed when the supernatant fluid was incubated for varying periods of time without the addition of albumin; during the first 30 minutes the endogenous substrate is preferred over the albumin and only during the subsequent period of incubation does the rate of cleavage of albumin exceed that of the endogenous substrate.
As shown in Table 7 , the enzymic activity towards albumin is activated to some extent in the presence of cysteine and this activation is partly re-versed by iodoacetamide. On the other hand, no effect of either cysteine or of iodoacetamide was observed on the enzymic activity toward hemoglobin.
The proteolytic activity towards serum albumin and hemoglobin has a wide pH range, as shown in Table 8 . Hemoglobin was hydrolyzed to a 
DISCUSSION
The present study has demonstrated that lymph nodes contain cathepsins which hydrolyze BAA and GTAA and which are similar to cathepsins B and C of spleen08 and liver.' These enzymes were concentrated in the mitochondrial fraction, which also showed considerable hemoglobin splitting activity. Although it is not possible to decide whether the cleavage of hemoglobin is effected by the enzymes acting on BAA and GTAA, it seems that cathepsins B and C are a part of the cathepsin complex of the mitochondrial fraction, which also causes hydrolysis of hemoglobin. ' Serum albumin was hydrolyzed to a greater extent by the supernatant fluid than by the mitochondrial fraction and the process was partly activated in the presence of cysteine, as also reported by Hess et al. ' The partial dependence of the hydrolysis of albumin on the sulfhydryl groups might indicate the participation in this process of cathepsin B or C (or both) found in lymph nodes in the present study. It is reasonable to conclude that the hydrolysis of albumin and hemoglobin is a result of the cooperative action of several enzymes, which show different subcellular distribution and different dependence on SH groups.
The biological significance of the presence of these proteolytic enzymes in lymphatic tissue is of considerable interest. According to the data of Rothschild and Junqueira,u who determined catheptic activity in several rat organs, the highest activity (expressed as jug of tyrosine released from globin per 100 mg. of tissue) was found in the lymph nodes, followed by that of spleen, kidneys, and liver. The participation of these enzymes in the defense mechanisms of the lymphatic tissue against substances foreign to the body seems quite plausible. Proteolytic enzymes, active towards serum albumin and a variety of other proteins were described in polymorphonuclear leucocytes9 and other phagocytic cells."
The proteolytic enzymes found in the lymphatic tissue might be also implicated as participants in some pathological processes, such as the skin homograft reaction. The lytic breakdown of the graft occurs only after the appearance, in the vicinity of the graft, of a dense lymphoid infiltrate, cons sidered to be a carrier of the immune antibodies. A release of the proteolytic enzymes from the lymphoid infiltrates in thyroids in Hashimoto's disease would affect the integrity of the thyroid follicles, resulting in a release of thyroglobulin into the circulation.
In view of the presence in the lymph nodes of proteolytic enzymes active towards serum albumin, the lymphatic tissue might be one of the sites of serum albumin catabolism. The active synthesis of immune proteins carried out by the components of that tissue could also partly derive its precursors from the products of local proteolysis.
SUMMARY
A study of the proteolytic activitity of subcellular fractions of rat lymph nodes has indicated the presence of cathepsins B and C, predominantly in the mitochondrial fraction. On the other hand, proteolytic activity toward serum albumin was found largely in the supernatant fluid obtained after removal of the mitochondrial fraction, and strong activity toward hemoglobin was exhibited both by the mitochondrial and supernatant fluid fractions.
